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DOXPLQLXP DOOR\V DUH PRVWO\ XVHG IRU FDVW K\SRHXWHFWLF $O6L DOOR\V WR LPSURYH IORZDELOLW\ RI WKH PHOW DQG
LQWHUIDFLDOSURSHUWLHV >&DFHUHVHWDO-HQJHWDO@ $LVDK\SRHXWHFWLFDOXPLQLXPDOOR\ZKHUHLQWKH
DOXPLQLXP VROLG VROXWLRQ SUHFLSLWDWHV IURP WKH OLTXLG DV WKH SULPDU\ SKDVH LQ WKH IRUP RI D GHQGULWLF QHWZRUN
IROORZHG E\ D HXWHFWLF UHDFWLRQ 8QPRGLILHG HXWHFWLF VLOLFRQ LV SUHVHQW DV FRDUVH SRO\KHGUDO SDUWLFOHV DQG
FRQVHTXHQWO\ WKH FDVWLQJ H[KLELWV SRRUZHDU SURSHUWLHV >$W[DJD @ %LQDU\$O6LFRPPHUFLDO$ 6L
DOOR\V ILQGV ZLGHVSUHDG DSSOLFDWLRQV LQ DXWRPRWLYH DHURVSDFH DQG JHQHUDO HQJLQHHULQJ LQGXVWULHV ZKHUH WKH\ DUH
XVHG IRU F\OLQGHUEORFNV F\OLQGHUKHDGV DQGRWKHU ERG\ FDVWLQJVGXH WR WKHLU H[FHOOHQW FRPELQDWLRQRI SURSHUWLHV
VXFK DV JRRG IOXLGLW\ ORZ FRHIILFLHQW RI WKHUPDO H[SDQVLRQ KLJK VWUHQJWK WR ZHLJKW UDWLR DQG JRRG FRUURVLRQ
UHVLVWDQFH7KHSK\VLFDODQGPHFKDQLFDOSURSHUWLHVDWWDLQDEOHDUHVWURQJO\LQIOXHQFHGE\WKHFKHPLFDOFRPSRVLWLRQ
SUHVHQFH RI WUDFH HOHPHQWV PHOW WUHDWPHQWV VROLGLILFDWLRQ UDWH DQG KHDW WUHDWPHQW >6UHHMD .XPDUL HW DO 
6DJVWDGHWDO@)RUJLQJVWXGLHV RI$DOOR\DUHEHFRPLQJPRUHLPSRUWDQWLQWKHYLHZRIWKHGHYHORSPHQW
LQ WKH DYLDWLRQ DQG WUDQVSRUWDWLRQ LQGXVWULHV 7KH IRUJHGPLFURVWUXFWXUHV KDYH DPRUH XQLIRUPGLVWULEXWLRQ RI WKH
HXWHFWLFVLOLFRQLQFRPSDULVRQWRWKHDVFDVWPLFURVWUXFWXUHV,WLV REVHUYHGWKDWIRUJLQJFKDQJHVWKHPLFURVWUXFWXUH
DQGEULQJVRXW WKH LPSURYHPHQW LQ WKH WULERORJLFDODQGPHFKDQLFDOSURSHUWLHVERWK LQJUDLQUHILQHGDQGQRQJUDLQ
UHILQHGDVFDVWDOOR\V7KH IDEULFDWLRQRISDUWVE\ WKH IRUJLQJSURFHVV LVFDSDEOHRISURGXFLQJSURGXFWVZLWKJRRG






WKHDVFDVWPDWHULDOV ,Q WKHIRUJHGPLFURVWUXFWXUHV WKHUHLQIRUFLQJSDUWLFOHVDQGHXWHFWLFVLOLFRQSDUWLFOHVDUHPRUH
KRPRJHQHRXVO\GLVWULEXWHGLQFRPSDULVRQWRWKHDVFDVWVSHFLPHQV$OOWKHVHFKDQJHVLQVWUXFWXUHZKLFKRFFXUZLWK
WKH DSSOLFDWLRQ RI IRUJLQJ DUH WR LQFUHDVH WKHPHFKDQLFDO SURSHUWLHV RI WKH VDPSOHV0LFURVWUXFWXUDO UHILQHPHQWV
SDUWLFXODUO\EUHDNGRZQRI6LQHHGOHVVHHPVWREHDVVHUWLQJWKHPDMRULQIOXHQFHLQLPSURYLQJWKHSURSHUWLHVRQDJLQJ




RFFXU ZLWK WKH DSSOLFDWLRQ RI IRUJLQJ DUH WR LQFUHDVH WKH WULERORJLFDO DQG PHFKDQLFDO SURSHUWLHV RI WKH VDPSOHV
7ULERORJLFDO SURSHUWLHV RI IRUJHG$DOOR\PDLQO\GHSHQGRQ WKH VKDSH DQG VL]HRI WKH D$OGHQGULWHV DQG WKH
HXWHFWLFVLOLFRQPRUSKRORJ\7KHZHDU EHKDYLRU RI$O6LDOOR\VGHSHQGRQDQXPEHURIPDWHULDOUHODWHGPHFKDQLFDO
SURSHUWLHVKDUGQHVVGXFWLOLW\DQGWRXJKQHVVDQGPLFURVWUXFWXUHVXFKDVHXWHFWLFVLOLFRQPRUSKRORJ\GHQGULWHDUP
VSDFLQJ'$6JUDLQVL]HFRPSRVLWLRQGLVWULEXWLRQRIPLFURFRQVWLWXHQWV LQDGGLWLRQ WR ORDGVSHHG WHPSHUDWXUH
DQG FRXQWHUIDFH >.DQJ HW DO  6DUNDU  6DUNDU  &ODUNH HW DO  6XEUDPDQLDQ 




,Q WKH SUHVHQW ZRUN $O7L DQG$O%PDVWHU DOOR\V DUH SUHSDUHG LQGLJHQRXVO\ YLD VDOW URXWH LQ DQ LQGXFWLRQ
IXUQDFH KDYLQJ QHXWUDO UHIUDFWRU\ OLQLQJ7KH IXUQDFH WHPSHUDWXUHZDV FRQWUROOHG WR DQ DFFXUDF\ RI  q& XVLQJ D
GLJLWDO WHPSHUDWXUH FRQWUROOHU ZLWK D &KURPHO$OXPHO WKHUPRFRXSOH &DOFXODWHG DPRXQW RI VDOWV .7L) DQG RU
.%)WR\LHOGUHTXLUHG7L%SHUFHQWDJHZHUHZHLJKHGDQGSUHKHDWHGLQDQHOHFWULFRYHQDWDWHPSHUDWXUHRIq&





132   D.G. Mallapur et al. /  Procedia Materials Science  5 ( 2014 )  130 – 136 
 :HDU WHVW VDPSOHVSUHSDUDWLRQ





)LWZHO7RROVDQG)RUJLQJV3YW/WG7XPNXU.DUQDWDND ,QGLD7KH IRUJLQJ WHPSHUDWXUHZDV IL[HGDWq&DQG
IRUJLQJ UDWLR ZDV  )RUJLQJ ZDV FDUULHG RXW RQ ERWK JUDLQ UHILQHG DQG PRGLILHG DV ZHOO DV XQUHILQHG DQG
XQPRGLILHG FDVW ELOOHWV 7KHVH IRUJHG FRXSRQVZHUH VXEMHFWHG WR DJLQJ WUHDWPHQW DFFRUGLQJ WR VWDQGDUG 7 KHDW
WUHDWPHQW SURFHVV WKH SDUDPHWHUV RI ZKLFK DUH SUHVHQWHG LQ 7DEOH  7KH SUHSDUHG ZHDU VDPSOHV IURP IRUJHG
FRXSRQVDUHURXQGHGEDUVZLWKDIODWVXUIDFHKDYLQJGLPHQVLRQVRIPPOHQJWK[PPGLDPHWHU7RHYDOXDWHWKH
SHUIRUPDQFHRI$O6LDOOR\VZLWKDQGZLWKUHILQHUPRGLILHUDQGZLWKIRUJLQJXQGHUGU\VOLGLQJFRQGLWLRQVZHDUWHVWV
ZHUH FDUULHG RXW DFFRUGLQJ WR$670* VWDQGDUGV >&KDQGUDVKHNKDUDLDK @ XVLQJ SLQRQGLVFZHDU WHVWLQJ
PDFKLQH:HDUWHVWVZHUHDOVRFDUULHGRXWRQIRUJHG$DOOR\VSHFLPHQVDIWHUJLYLQJDVWDQGDUG7KHDWWUHDWPHQW
SURFHVV7DEOH7KHGLVFPDWHULDOLVPDGHXSRI(QVWHHOGLDPHWHUPPDQGPPWKLFNQHVVZLWKFKHPLFDO
FRPSRVLWLRQ & 6L 0Q 6 3 1L &U 0R EDODQFH )H DQG
KHDWWUHDWHGWRJHWDKDUGQHVVYDOXHRI+5F>&KDQGUDVKHNKDUDLDK@$FRQVWDQWPPWUDFNGLDPHWHUZDV
XVHG WKURXJKRXW WKHH[SHULPHQWDOZRUN7KHZHDU WHVWVZHUHFDUULHGRXWXQGHUYDULRXV VHUYLFHFRQGLWLRQV VXFKDV
YDU\LQJQRUPDOSUHVVXUHGLIIHUHQWVOLGLQJVSHHGVDQGZLWKGLIIHUHQWVOLGLQJGLVWDQFHV7KHGHWDLOVRIWKHH[SHULPHQWDO
SDUDPHWHUVDUHVKRZQLQ7DEOH7KHZHDUUDWHZDVFDOFXODWHGXVLQJZHLJKWORVVWHFKQLTXHGXULQJZKLFKZHLJKWV






3URFHVV 7HPSHUDWXUH 7LPHKRXU &RROLQJFRQGLWLRQ
6ROXWLRQWUHDWPHQW &  4XHQFKLQJLQKRWZDWHUDERXW
&





TXDQWLILHG LQ WKH IRUPRIZHLJKW ORVV IULFWLRQDO IRUFHDQGFRHIILFLHQWRI IULFWLRQRI IRUJHDJHG$PDWHULDOVDUH
DVVHVVHG 3RLQW WREHQRWHG LVWKDWWKHGLIIHUHQFHLQZHDUEHKDYLRXUGXHWRWKHVWUXFWXUDOYDULDWLRQLV UHYHDOHGRQO\DW
FRQGLWLRQRIKLJKHUORDGKLJKHUVSHHGDQGORQJHUGLVWDQFHRIWHVWLQJ$WORZHUHQGVWKHGLIIHUHQFHLVPDUJLQDO
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7DEOH 9DULRXV SDUDPHWHUVIRUZHDUVWXGLHV
&RPSRVLWLRQRIWKHDOOR\V 9DULDEOHSDUDPHWHUV &RQVWDQWV
$ DOOR\ EHIRUH DQG DIWHU WKH






$ DOOR\ EHIRUH DQG DIWHU WKH






$ DOOR\ EHIRUH DQG DIWHU WKH















SUHVVXUHV     DQG 1PPZLWK FRQVWDQW VOLGLQJ GLVWDQFH P DQG DW FRQVWDQW VOLGLQJ
VSHHGPVLVVKRZQLQ)LJ)URPWKH)LJDLWLVFOHDUWKDWWKHZHLJKWORVVRIIRUJHG$DOOR\ZLWKDQG
ZLWKRXWWKHDGGLWLRQRIJUDLQUHILQHUDQGPRGLILHUJRHVRQLQFUHDVLQJZLWKDQLQFUHDVHLQQRUPDOSUHVVXUHLQDOOWKH
FDVHV VWXGLHGDQG WKLV LVGXH WR WKH IRUJLQJDQGKHDW WUHDWPHQWHIIHFWZKHUHLQ WKHPLFURVWUXFWXUHVRI IRUJHG$





GXH WR WKH FKDQJH LQ WKHPLFURVWUXFWXUH  IURP  FRDUVH  WR  ILQH  GHQGULWHV  DQG  SODWH  OLNH  HXWHFWLF 6L LQWR ILQH
SDUWLFOHVZKLFKUHGXFHVWKHDUHDRIFRQWDFWRIHXWHFWLFVLOLFRQ,QDGGLWLRQFKDQJHLQWKHPLFURVWUXFWXUHOHDGVWRWKH
WRXJKQHVVDQGVWUHQJWKRIWKHDOOR\OHDGLQJWROHVVHUIULFWLRQDOIRUFH7KHOLQHDULW\LQWKHFXUYHLVGLVUXSWHGE\VXGGHQ
FKDQJH LQ WKH VORSH ZKLFK UHVXOWV  UHJLPHV LQ WKH SURILOHV 7KHVH  UHJLPHV FRXOG EH FRUUHODWHG WR WKH WKUHH
PHFKDQLVPV RSHUDWLYH XQGHU GLIIHUHQW SUHVVXUH FRQGLWLRQV ,Q WKH ORZ SUHVVXUH UHJLPH ORVV RI PHWDO FRXOG EH
DWWULEXWHG WRDEUDVLRQZHDUZKLFK LVFDXVHGE\ WKHKDUG VLOLFRQSDUWLFOHV VFXIIHGDZD\ IURP WKHPDWUL[$WKLJKHU











7KLV FRXOG EH GXH WR WKH IRUJLQJ SURFHVV FUHDWLQJ D ODUJH QXPEHU RIPLFUR YRLGV SDUWLFXODUO\ DW WKH LQWHUIDFH RI
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EULWWOH VLOLFRQ SKDVH DQG GXFWLOH DOXPLQLXP PDWUL[ 9RLG JURZWK DQG YRLG FRDOHVFHQFH EHFRPHV HDVLHU DW KLJKHU
VSHHGEHFDXVHKHDW JHQHUDWHGDWKLJKHUVSHHGVORZHUVWKHFRKHVLYHVWUHQJWKEHWZHHQWKHDWRPVDQGWHDULQJEHFRPHV
HDVLHU1RWH WKDW YRLGV DUH LQKHUHQWO\SUHVHQW LQ WKHPDWHULDO DQGQHZQXFOHDWLRQRI WKHP LV QRW QHFHVVDU\ ,Q WKH
IUDFWXUHSURFHVVLWLVQXFOHDWLRQRIWKHYRLG ZKLFKLVWKHPRVWGLIILFXOWHYHQWUHTXLULQJKLJKHUOHYHORIHQHUJ\7KLV
FRXOGEHFRQFHLYHGDVWKHUHDVRQVIRULQFUHDVLQJZHLJKWORVVZLWKVOLGLQJVSHHGLQWKHFDVHRIIRUJHGDOOR\,WLVFOHDU






VSHFLPHQ WKH LQWLPDWH FRQWDFW EHWZHHQ WKH ZHDULQJ SLQ DQG WKH URWDWLQJ GLVF LQFUHDVHV GXH WR ZKLFK WKH DOOR\





)LJ 6(0SKRWRJUDSKRIZRUQVXUIDFHVVKRZLQJGLIIHUHQWZHDUPHFKDQLVPVDWHVWHGDWORZHUORDGVRINJEWHVWHGDW ORDGVRI NJ
(IIHFW RI6OLGLQJ'LVWDQFH
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x )RUJLQJ LPSURYHV ERWK VWUHQJWK DQG GXFWLOLW\ RI WKH PDWHULDOV +RZHYHU WKH LPSURYHPHQW LQ GXFWLOLW\ LV
SHUFHSWLEOHRQO\IRUSURSHUO\JUDLQUHILQHGDQGPRGLILHG$PDWHULDOV2QHVUHILQHGZLWK$O7LVKRZV
KLJKHVW LPSURYHPHQW LQ GXFWLOLW\ ZKLOH WKH RQHV WUHDWHG ZLWK  $O6U H[KLELWV OHVV LPSURYHPHQW LQ
GXFWLOLW\ZKHQIRUJHG
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x ,WZDVDOVRREVHUYHG WKDW XQGHU IRUJHGFRQGLWLRQV WKHZHLJKW ORVVRIDOOR\ LQFUHDVHVZLWKDQ LQFUHDVH LQ WKH
QRUPDOSUHVVXUHDQGDOVRZLWKLQFUHDVHLQVOLGLQJGLVWDQFH:HDUUHVLVWDQFHRIIRUJHG$DOOR\LVLPSURYHG
ZLWKWKHDGGLWLRQRI$O7L$O%JUDLQUHILQHUVDQGRU$O6UPRGLILHUWRWKHPHOW
x 7KH HIIHFW RI WKH IULFWLRQDO IRUFHRQ IRUJHG$DOOR\ FOHDUO\ LQGLFDWHV DQ LQFUHDVH DQG ODWHU GHFUHDVHZLWK
UHVSHFWWRQRUPDOSUHVVXUHVOLGLQJVSHHGDQGVOLGLQJGLVWDQFH7KHUHDVRQIRUWKHVDPHLV GXHWRWKHHIIHFWRI
DGGLWLRQ RI JUDLQ UHILQHU DQG PRGLILHU HLWKHU LQGLYLGXDOO\ RU LQ FRPELQHG DQG UHGXFWLRQ LQ IULFWLRQ LQ ERWK
FRQGLWLRQV
$FNQRZOHGJPHQWV
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